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Femoroacetabular impingement (FAI) is a chronic hip condition caused by femoral head
and acetabular malformations resulting in abnormal contact across the joint. FAI often
leads to labral, cartilaginous, and tissue damage that predispose this patient population
to early osteoarthritis (OA). There are a variety of factors that increase the risk for FAI
including younger age, Caucasian background, familial FAIS morphology, and competing
in high-intensity sports during adolescence. Slow-onset, persistent groin pain is the most
frequent initial presenting symptom. On physical examination, patients will typically
have a positive FADIR test (flexion, adduction, internal rotation), also known as a positive
impingement sign. FAI syndrome can be organized into three classifications; cam, pincer,
or mixed. This classification refers to the characteristic morphological changes of the
bony structures. The primary imaging modality for diagnosing FAI is a plain radiograph
of the pelvis, which can be used to measure the alpha angle and the lateral center edge
angle used to quantify severity. Conservative treatment is typically considered first-line

treatment for mild to moderate FAI syndrome; however, the outcomes following
postoperative surgical intervention have demonstrated excellent results. The most
common surgical treatment option for FAI is done arthroscopically.

INTRODUCTION

Femoroacetabular impingement (FAI) is a chronic hip con-
dition caused by femoral head and acetabular malforma-
tions resulting in irregular forces and contact across the
joint and bones. FAI often leads to labral, cartilaginous, and
tissue damage that predispose this patient population to
early osteoarthritis (OA).1:2 FAI was defined by Ganz et al.3
and Sankar et al.,% but it was not until 2016 that a consen-
sus regarding the proper diagnosis of FAI syndrome (FAIS)
was established.5 FAIS consists of a triad of specific symp-
toms, clinical signs, and particular bony deformities. The
symptoms include hip/groin pain aggravated by activity or
sitting, commonly with referral to the buttocks, thighs, or
knees. Patients also frequently report “clicking, catching,
locking, stiffness.”® Patient often present with decreased
range of motion (ROM), especially flexion and internal ro-
tation, and positive impingement tests (i.e., Flexion Ab-
duction External Rotation (FABER) and Flexion Adduction

Internal Rotation (FADIR)).1:6 Anterior-posterior (AP) radi-
ographs are used to identify the specific osseous changes
and rule out other origins of hip pain.>7 The FAIS mor-
phologies can be divided into cam, pincer, or mixed. Cam
deformity is from decreased head-neck offset or an abnor-
mally shaped femoral head, with convexities and bony de-
position occurring at the head-neck junction, most com-
monly in the anterosuperior region.®® Pincer deformity
describes excess coverage of the acetabulum over the
femoral head, which can be secondary to coxa profunda or
acetabular retroversion.l,? Severity is measured with two
calculated angles: the alpha () and lateral central-edge
angles (LCEA) for cam and pincer lesions, respectively. A
combination of both cam and pincer deformities, referred
to as mixed, is the most common presentation. Manage-
ment consists of conservative therapy (activity modifica-
tion, oral medications, physical therapy) or surgical op-
tions, with the latter reserved for patients that fail
conservative treatment or present initially with severe
symptoms.©
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EPIDEMIOLOGY

FAIS epidemiology is challenging to quantify because cur-
rent studies either lack power, use differing radiographic
criteria, or do not adhere to the diagnostic triad when ex-
amining populations.1'®10 Nonetheless, recent studies
have examined FAIS incidence in specific populations. For
instance, younger athletes, or those participating in high-
intensity sports such as soccer, hockey, basketball, and
football, have higher rates of FAIS and OA.1:6:11-13 I fact,
studies have demonstrated that cam morphology can be
two to eight times more common in athletes as compared
to the general population. The o angle used to quantify
cam lesions is reported to be significantly higher in male
athletes.1-11-13 One review reported asymptomatic cam de-
formities in 37% of over 2,000 young hips. Of those cam
deformities, 54.8% were athletes as compared to 23.1%
non-athletes.!4 On the other hand, the relationship be-
tween pincer morphology and athletic activity is less de-
fined.® In another study, the incidence of FAI was 54.4 per
100,000, with 73% of hips having mixed morphology.!> This
is consistent with other studies that report mixed as the
most common morphology overall.1,6,13,14,16

RISK FACTORS

There are a variety of factors that increase the risk for FAI
and ultimately FAIS. This includes younger age, Caucasian
background, familial FAIS morphology, and competing in
high-intensity sports during adolescence.l:13:15 Sport par-
ticipation during skeletal immaturity may lead to femoral
neck deformities with resultant increases in a angle and
cam lesion prevalence.l:17 Agricola et al found that Cau-
casians possess specific hip anatomy that predispose to FAI
versus other backgrounds.1?

Any pathology that distorts normal hip anatomy such as
Legg-Calvé-Perthes disease (LCPD), slipped capital femoral
epiphysis (SCFE), or developmental dysplasia of the hip
(DDH) can also increase the risk. SCFE and LCPD result
in femoral head/neck malformation secondary to epiphy-
seal slippage or physis remodeling from ischemia, respec-
tively. Inherent acetabular deformation from DDH causes
the femoral head to make abnormal contact with the ac-
etabulum.18-24

FAIS in general predisposes patients to develop muscu-
loskeletal injuries and progressive OA. For instance, a study
found that patients with cam lesions and an o angle >60°
are more likely to experience progression of their OA.%:16 In
addition, FAIS may increase hamstring tendon tension and
abnormal pelvic tilt which increases the risk of hamstring
tendon injury.25,26

PATHOPHYSIOLOGY

Femoroacetabular impingement syndrome (FAIS) is an in-
creasingly common cause of hip pain that has been com-
monly identified in young adult athletic populations.2” The
source of pathology lies at the acetabulofemoral joint, a

ball-and-socket joint that houses the articulation between
the femoral head and the acetabulum of the hip. The
femoroacetabular joint contains an acetabular labrum,
which provides depth to the joint and constrains its move-
ment, as well as cartilaginous structures that enhance sta-
bility during movement. A fibrous capsule surrounds the
joint and the intraarticular components. The thickening
of this capsule helps form the ligaments that provide in-
creased stability to the hip. The arterial supply is provided
primarily by the medial and lateral circumflex femoral ar-
teries, and it is innervated by branches from the femoral,
sciatic, and obturator nerves.

Abnormal bony morphologies of the femur and the ac-
etabulum can result in impingement that present clinically
as pain with repetitive movements. Extra bone growth dur-
ing development such as anomalous bone spur formation
along the acetabulum and/or proximal femur can result in
abnormal bony anatomy. As a result, the normal physio-
logical articulation between the constituent bones of the
hip joint is disrupted, causing impingement and concomi-
tant pain.2® Over an extended period of time, the friction
and stress generated by abnormal articulation may lead to
damage of the labrum, erosion of joint depth, deterioration
of the fibrous capsule, and resultant instability. If left un-
treated, the extensive and cumulative damage eventually
leads to early manifestations of osteoarthritis within the
hip joint.2% However, due to extensive individual variabil-
ity in presentation, it has been challenging in practice to
define and specify the abnormal radiographic and clinical
femoroacetabular morphology that causes FAL30 Notwith-
standing, it is possible for excessive movement and sup-
raphysiologic hip range of motion to cause impingement
without any underlying morphological abnormalities.30

CLINICAL PRESENTATION

FAI predominantly presents in physically active young
adults. The excessive friction between the femoral head
and acetabulum over time commonly manifests as slow-on-
set, persistent groin pain.3! In clinic, this is the most fre-
quent initial presenting symptom for patients with FAIZ29
The pain is typically described as intermittent and aggra-
vated by minor trauma, prolonged physical exercise, partic-
ipation in a sporting event, or long periods of ambulation.
Additionally, pressure on the joint itself such as extended
periods of time spent in a seated or resting position may
precipitate pain.3! In a study conducted by Phillippons et.
al, 60% of patients developed symptoms after a period of
active sports participation, whereas only 24% reported in-
sidious symptom onset as a result of traumatic injury.32
Due to the nonspecific clinical signs and symptoms of
presenting hip pain, it is common for patients to undergo
numerous screening tests and additional diagnostic
workup. On physical examination, patients with FAI will
typically have a positive FADIR test, also known as a posi-
tive impingement sign.32 This exam is performed with the
patient lying supine as the clinician flexes the leg 90 de-
grees, adducts the entire leg across the patient’s midline,
and abducts the calf and foot while maintaining the knee in
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position. A positive test is elicited if the patient endorses
hip pain during the final step. Patients with FAI will often-
times exhibit a positive FABER test as well. In this maneu-
ver, the patient lies supine while the affected leg is flexed,
abducted, and externally rotated. While the examiner stabi-
lizes the contralateral pelvis, downward force is exerted on
the affected leg. The test is positive if the knee of the af-
fected leg is raised as a result of the downward force. Nev-
ertheless, due to variability in patient presentation and un-
derlying physiology, there exists no consensus on objective
guidelines or specific diagnostic criteria to reliably diag-
nose FAI syndrome.

DIAGNOSIS
CLASSIFICATION

FAI syndrome can be organized into two different classifi-
cations, each being defined by the unique and characteris-
tic morphological changes of the bony structures. The first
type, known as a cam impingement, describes an abnormal-
ity in the shape of the proximal femur.28 A normal femoral
head is spherical, facilitating smooth rotation within the
femoroacetabular joint and allowing unobstructed move-
ment of the ball-and-socket articulation. A cam impinge-
ment, on the other hand, results in excessive shear forces
on the articular cartilage lining the acetabular rim adjacent
to the labrum. Consequently, damage to this cartilage will
cause detachment of the labrum that helps to provide depth
of the hip joint.28 The most common movements of the hip
that are restricted by cam lesions include flexion, internal
rotation, and adduction.30

The second major classification of FAI syndrome is
known as a pincer lesion. A pincer lesion is defined as ex-
cess bone formation at the acetabular rim rather than the
proximal femur itself. This bone growth leads to exces-
sive overlap around the femoral head. As a result, simi-
larly to cam impingement, the morphological change to the
femoroacetabular joint creates abnormal articulation. Pin-
cer lesions lead to direct impingement of the acetabular
labrum itself, unlike cam lesions which primarily disrupt
the chondral surface of acetabular rim. Therefore, pincer le-
sions are less likely to demonstrate damage to the acetabu-
lar articular cartilage on radiographic examination.28,30

A combination or mix of both cam and pincer lesions
is the final classification of FAI impingement. Excess bone
formation on the acetabular rim and the proximal femur
frequently damage both the acetabular rim cartilage and
the labrum to varying degrees. Patients with mixed FAI
morphology will often have a worse clinical prognosis as
compared to cam or pincer lesions alone.

The demographics of those with cam and pincer im-
pingement are often different. For example, cam lesions
tend to occur more frequently in young athletic males,
whereas pincer lesions are detected more often in phys-
ically active middle-aged females.3! However, while both
pincer and cam impingement often have distinctive clinical
presentations, the radiographic findings are difficult to pre-
dict and can be complex, necessitating thorough interpre-
tation by an expert.

IMAGING

The primary imaging modality for diagnosing FAI is a plain
radiograph of the pelvis. Specifically, an anterior-posterior
(AP) and lateral view are customarily ordered together.33
Both radiographic views are preferred to avoid the risk of
missing a cam impingement that may be difficult to di-
agnose on an AP view.3* When plain radiographs are not
definitive, magnetic resonance imaging (MRI) is frequently
ordered to help identify specific trauma to the acetabular
cartilage or the labrum.3®> However, due to the paucity of
defined and empirically verified imaging guidelines to diag-
nose FAI syndrome, the sensitivity and specificity for these
imaging modalities are unknown.

Specific characteristic angles around the joint are mea-
sured on radiographs to help diagnose cam and pincer le-
sions. Cam impingement is defined by the alpha angle,
which is measured by drawing a circle around the borders
of the femoral head. A line is drawn from the center of the
circle distally through the middle of the femoral neck, while
a second line is drawn from the center of the circle to the
location where the femoral head exits the circle. The angle
between these two lines is reported as the alpha angle. As
a result, a femoral head with a wider border will exhibit a
greater alpha angle. Experts suggest an alpha angle greater
than 60 degrees should be used as a firm criteria to diag-
nose a cam lesion.3¢ On the other hand, a pincer lesion is
defined by the lateral center edge angle (LCEA). To ascer-
tain the LCEA, a line is drawn along the vertical center axis
of the femoral head, while another line is drawn from the
center of the femoral head to the bordering acetabular rim
that is covering the femoral head. The angle between these
two lines is the LCEA. An angle greater than 40 is a diag-
nostic ¢ used to classify and diagnose pincer lesions.3”

TREATMENT
CONSERVATIVE TREATMENT

Conservative treatment is typically considered first-line
treatment for mild to moderate FAI syndrome as it can
provide marked symptomatic relief.3 Conservative therapy
consists of an intensive, long term physical therapy pro-
gram specified toward the individual’s symptoms.3%40 Ac-
cording to a meta-analysis published in 2020 that analyzed
physical therapy as an early treatment option for FAI, spe-
cific exercises tailored to each individual is important for
successful outcomes. This study also reported that an active
routine focused on building core muscles is associated with
an increase in effectiveness as compared to an alternative
routine without core strengthening.4!

However, conservative therapy should not be the first
treatment option for all patients. Instead, the type of mor-
phology may help guide the decision-making process. For
instance, evidence has demonstrated that patients with a
cam deformity have worse outcomes from conservative
treatment as compared to other types of FAI syndrome.42

While conservative therapy can relieve symptoms in
carefully selected patients, it is not significantly helpful
in most patients with FAI syndrome. Even with long-term
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physical therapy regimens, the outcomes following postop-
erative intervention remain significantly better than physi-
cal therapy alone.42

SURGICAL TREATMENT

The goal of FAI surgery is to re-establish the normal rela-
tionships between the components of the hip joint to re-
store normal function.#3 Diagnostic imaging is the most
useful criterion to determine if surgery is indicated. Addi-
tional criteria include subjective symptoms, clinical signs,
and the failure of conservative therapy.44 Nonetheless, FAI
syndrome may not always respond to surgery. Some com-
mon causes of failure to respond postoperatively include
persisting bony deformities and an inadequate capsular
closure. 4>

The most common surgical treatment option for FAI is
addressed arthroscopically. An increased understanding of
the importance of chondrolabral preservation and asso-
ciated labral repair has since increased the effectiveness
of arthroscopic surgical repair of FAI syndrome. Addition-
ally, recent literature regarding capsular closure after hip
arthroscopy has shown to improve postoperative outcomes.
The most important ligament to repair in a capsular closure
is the iliofemoral ligament as it is necessary for the long-
term stability of the hip while also ensuring an appropriate
range of motion. The iliofemoral ligament is difficult to
avoid disrupting during surgery because both the interpor-
tal and T-capsulotomy techniques result in direct injury to
the ligament.4® These approaches are particularly favorable
for athletes as it results in a higher likelihood of return-
ing to sport with a low risk for complications as compared
to other capsulotomy techniques.3% On the contrary, while
the arthroscopic repair of FAI and labral associated injuries
have been proven successful in young adults, the outcomes
are inconsistent in older populations.4” However, in gen-
eral, arthroscopic surgical approach has been proven to be
a superior treatment option over conservative treatment in
those who can undergo a surgery.*8

Aside from hip arthroscopy, there exists other less com-
mon surgical treatment options. Historically, open surgical
treatment of FAI was common as it allowed for the greatest
visualization and ability to easily reach the femoral head,
the labrum, and the acetabulum. An open surgical approach
remains helpful for particularly difficult cases of FAI syn-
drome that require more access to the joint than
arthroscopy alone can provide. This is commonly seen in

patients presenting large and/or complex cam or pincer de-
formities.#? It is also commonly used for revision surgeries
initially performed with arthroscopy due to inadequacy of
arthroscopy to access the deformity.50

Another less commonly used technique is an anterolat-
eral approach, also known as the Watson-Jones technique,
which is used primarily for anterolateral deformities. The
benefit of this technique is that it provides direct access to
anterior lesions while preserving the blood supply to the
femoral head.>! In addition, another less common surgi-
cal approach is the combined mini-open with arthroscopy.
This technique avoids dislocating the hip while still ad-
dressing FAI malformation. However, although it is less in-
vasive than an open approach, this combined technique can
only treat cam-type lesions because the acetabulum cannot
be accessed accurately without dislocation.52

CONCLUSION

Femoroacetabular Impingement Syndrome is an increas-
ingly common hip disorder in adolescents and young adults
that results in hip pain and reduced ROM. The syndrome
is diagnosed based on clinical signs (positive impingement
signs, decreased ROM), symptoms (hip/groin pain), and
specific deformities on imaging. Common diagnostic imag-
ing includes AP and lateral views of the pelvis and hip. Cal-
culation of the a and LCEA angles can help categorize the
severity of an individual’s morphology. MRI can be used to
further delineate labral and chondral injuries, while also
ruling out other causes of hip pain. While all three mor-
phologies are prevalent in the general, asymptomatic pop-
ulation, increased athletic training with repetitive force has
been associated with aberrant bone growth. This specifi-
cally places athletes at a higher risk for development of
cam-type deformities. Treatment includes activity modifi-
cation, NSAIDs, physical therapy, as well as surgical inter-
vention. Initial treatment is guided by a patient’s personal
goals and should be tailored to the severity of symptoms.
Physical therapy focuses on hip/core flexibility and
strengthening exercises. One study noted 82% improve-
ment in symptoms in a cohort of 93 adolescent FAI hips
after 2 years of conservative therapy.® Early recognition of
this condition allows for improved quality of life and may
prevent the progression of OA in susceptible patients. It is
important for clinicians to be aware of FAI and its clinical
presentation in order to provide the best care possible and
improve outcomes in this patient population.
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